Introduction
Ultrasound, U.S., means the sonic vibration whose frequency exceeds 20 kHz, is a mechanical wave motion, which are valid in the same physical laws that characterize mechanical waves [1] .
The equipment designed for generating and controlling the intensity, frequency and power of these waves and their modulation forms have many applications both in the field of health as well in industrial applications.
They are very varied functions that are performed with ultrasonic equipment in medicine, since the deployment of the internal image of organs for noninvasive procedures to the application of massage and heat therapy in deep muscle tissue, especially sensitive musculoskeletal heat treatment [2] for which there have been made models that predict the mechanical and thermal effects in biological material [3] , or for the study of different sports injuries [4] and in rheumatology [5] [6] [7] This technology can also be used to measure blood flow [8] and blood pressure without invading organs of the body, as well as the changes in blood flow and inflammation associated with posttraumatic states [9] . Blood pressure and blood flow is measured by a technique which applies the Doppler Effect, [10] which consists in increasing frequency of a sound wave reflected by a body approaching the sound source, or decreasing upon removal. A person can easily observe this effect by emitting a steady tone and then quickly moving his hand to his mouth, and then he will hear the increase in frequency due to the motion of his hand. Applying ultrasound techniques using Doppler spectral simulation are used especially in the heart organs [11] [12] as well in the study of infertility [13] , or in new color techniques [14] [15] [16] The ultrasonic imaging or graphical reconstruction of internal organs is achieved by taking advantage of echoes that are produced with ultrasonic wave reflection applied to the tissues. Ultrasonic waves are partially reflected from the boundaries between different tissues, as do the ripples in the water when they find different objects in its path, the magnitude of the reflected wave depends on the density difference at the border of the obstacle point found by the incident wave. Therefore, it is possible to distinguish the boundary between different materials and with this principle construct images of border, making it possible to differentiate benign and malignant lesions in the diagnosis of cancer, e.g.: breast [17] [18] , thyroid [19] [20] [21] or liver (laparoscopy) [22] ; contrast ultrasound (CEUS) has recently become an important technology for lesion detection and characterization in cancer diagnosis [23] . The implication of this application in therapeutic and diagnostic procedures has been studied for the procedures in brain diagnosis [24] and Trans cranial [25] or osteoporosis [26] [27] More precisely location of important organs in the diagnosis of the common carotid artery can be performed automatically [28] [29] Also it displays different and auditory systems [30] , upper gastrointestinal (esophagus) [31] , and neurologic using high frequency U.S. [32] [33], the genitourinary [34] gastrointestinal endoscopy [35] or prostate exams Trans rectal [36] [37] [38] and the seminal duct [39] .
U.S. applications are not limited only to medical diagnosis [40] , but also extends to therapeutic applications [41] [42] [43] , such as the U.S. low frequency (20 to 100 kHz) used in treatment of chronic rhino sinusitis [44] in sonoforesis (transdermal drug emission U.S.), dental [45] [46] , ocular surgery [47] , body contouring, kidney stone disruption and removal of blood clots) as well in ultrasonic drugs [48] ; U.S. use in drug delivery has been spreading in the fields of cardiology and oncology for a variety of therapeutic agents such as small drug molecules, biological products and nucleic acid [49] [50] . Not to mention U.S. promising techniques or high-intensity focused (HIFU) to treat cancerous tumors allow full and non-invasive [51] , psoriasis [52] , dermatology [53] , vascular procedures [54] , among others.
There is also Physiotherapy utilization [55] as the treatment of cervical pain [56] [57], its use in surgical and medical instruments (20 to 60 kHz) for dissection, ablation [58] [59] , fragmentation and removal of biological tissue [60] , activation of transplanted organs [61] , biopsies [62] [63], vacuum biopsies [64] , orthodontics [65] , in obstetrics [66] and ambulatory gynecology [67] [68], pediatric anesthesia [69] , forensic examinations [70] or simply to disinfect medical instruments [71] .
For therapeutic application of nebulization, employing the cavitation effect produced by ultrasonic shock waves with higher power breaking the molecules of the liquid in the nebulizer, creating a sort of vapor which can push some drugs, the steam is directed to be breathed by the patient undergoing these treatments. As the bubbles generated by cavitation can affect scheduled treatment studies have been conducted to understand the dynamics of these [72] [73] [74] and its effect on the lesions [75] [76] as well as for the release kinetics of a drug by cavitation effects [77] [78].
Biological effects induced by the U.S. are generally classified into thermal and non-thermal mechanisms [79] . In heat therapy, using the fact that ultrasonic wave of a certain power can cause vibration material onto a tissue and heat it, it is the heat the variable that produce therapeutic effects [80] . The powers employed in this medical application are barely above 5 / 2 to penetrate tissue [81] .
Using this same principle can also be designed fetal monitors, using an FM demodulator, which allows sound to play in terms of the movements of the heart and the body of the baby [82] [83] [84] [85] [86] , in the same way it can build an equipment to detect movement within the body to establish whether or not exist a pathological state [87] , this is the foundation of electronic stethoscope [88] . However, ultrasound images have the problem of limiting the comparison of two sequences from two or more means [89] , but compressing and stacking transforming congruently with multivariate analysis techniques this defect can be corrected allowing the detection, visualization, comparison and quantification of the dynamic between muscle skeleton movements, which has a high potential in pediatric patients [ 
Basic definitions
The ultrasonic sound vibrations corresponds to a frequency above 20 kHz [96] . For propagation of the wave motion are valid the same physical laws to mechanical vibrations. This work deals with the necessary concepts to facilitate the understanding of medical applications of ultrasound, the reader deeply studying literature [97] [98] [99] [100] . In this context are presented different types of waves, thus:
Spherical waves and surface waves according to U.S. generating source is greater or smaller in diameter than the wavelength.
Longitudinal waves and transverse waves propagating according to the directions of oscillation no matter if are identical or are at right angles respectively. In biological substances only longitudinal waves are presented. Ultrasonic frequencies are used in medicine in the range of 1 to 15 MHz
Characteristic values of the ultrasound waves
The ultrasound wave equation depends on the distance between the center of excitation and the site to consider a, also depends on the time t, after excitation, as well as the amplitude A and ω the angular frequency of mechanical disturbance emitted by the vibration source.
Where:
As: Elongation or oscillating particle distance of its rest position. ω: angular or radian frequency. a: Distance between the center of excitement and the site consideration. Particle velocity, v, in the mechanical motion is given by
With = as the maximum instantaneous velocity.
Due to the presence of the sound wave, the medium is subjected to a pressure P According to Newtonian equality movement have:
Where ρ is the density of the medium
Integrating over a to get:
Being 0 is the pressure when there is no sound.
The amplitude of the pressure signal P or variation regarding Po will be:
A variable of interest is the sonic intensity I, which is the ratio of the sonic power that reaches a surface, given per unit area S, remembering that the power is the energy per unit time, and the kinetic energy is given by:
Can be expressed sonic intensity I, such as:
Because:
According to which V is the volume and l the distance traveled.
Equation (6) can be expressed in the following ways:
The intensity is expressed in / 2 . Increasing the intensity of the ripple increases the magnitude of the mechanical vibrations and movements of the particles and therefore the magnitude of the received echoes when these are to be processed. The intensity used in medical diagnosis oscillate between 10 and 50 m / 2 , while in therapy, as in the case of diathermy can work in a range of 1 to 3 / 2 There are other uses as cavitation in which the destruction of molecules are intended as in lithotripsy or in nebulization it works with intensities from 10 to 20 / 2 [101] Another magnitude to consider is the speed of ultrasound through a medium; this depends on the density and compressibility of the same, the denser it might be, higher speed of ultrasound will be. [102] Knowing the speed of ultrasound in a medium, one can calculate the depth of reflection points correspond to generate echoes, if it can find the time that it takes to return each echo produced by a change in tissue [103] . Above is the principle on which teams are based diagnostic imaging reconstruction with ultrasound [104] .
By means of the Doppler Effect, once known the speed of ultrasound incident on the blood as a stream into a vein or an artery, it can calculate the speed of the reflecting surface when calculated or measured changes in frequency [105] [106] [107] In the human body the ultrasound velocity is between 1,500 and 1,660 / , being in the bones of 3.360 / [108].
In The acoustic impedance, Z, is the resistance of each tissue to ultrasound passage and is defined as:
acoustic shadowing due to the high impedance of the bone the beam is reflected almost completely, and behind this tissue, no new resonances are originate, owing to these differences in density occur sonic shadows behind gallbladder stones and air behind the gastrointestinal tract [110] [111].
Ultrasound fields
It is defined as the middle or field where ultrasound waves are propagate, it could be though that with the emission from a circular ultrasonic generator the field correspond to a cylinder in the direction of propagation, but this is true only in the area next to the ultrasound source because the divergence from the beam source is made divergent, opening like a cone with divergence angle γ, for the foregoing the cylindrical zone is defined as a near field and the zone beginning from the dispersion as a spread far field [112] . See Figure No 
Behind the bones it can be form what is called
When the size of the transducer that generates the ultrasound is small compared to the wavelength, λ, originates divergent propagation circular prism shaped, practically without giving rise to a nearby field, as shown in the previous figure.
For very large d / λ, (d> λ), the ultrasound beam is emitted as somewhat cylindrical, ending in the near field, where it undergoes a divergence that characterizes the far field. The cylindrical portion is known as near-field, which has a length a_n, given by the expression:
For d»λ 
With R as the radius of the transducer.
After ending the near field, comes the farther field in which the U.S. is propagated divergently, the divergence angle γ is given by the expression:
Where k depends on the fall in the amplitude of the sound pressure that a pressure drop to zero will have a value of k = 1.22, while d is the transducer diameter.
Acoustic phenomena
Now it is describe wave phenomena of reflection, refraction and absorption for the U.S., its mathematical modeling and physical characteristics that allow its technological application in the field of medicine.
Reflection
For ultrasound reflection apply the laws of reflection of optics:
Angle of incidence = angle of reflection
The reflected part of the oscillation is given by the reflection factor r:
The reflection factor r is regarded as an absolute value, according to equation (12), each time you register a density difference in the path of the ultrasonic wave will produce an echo or reflection of the wave. When a small density difference between media or organic substances, reflection is very small, it will require a high sensitivity of the receiver in systems that exploit the reflections such as image reconstruction from echoes [113] .
In the following table are experimental values of the reflection factor r and the percentage of reflected energy in different tissue interfaces: Pm: peak pressure, and VM: speed part. Peak
The acoustic impedance Z is the pressure developed by unit particle velocity, is a measure of the opposition to the propagation of ultrasound, the above equation was expressed in equation (8) and is analogous to Ohm's law electricity in which the pressure P is analogous to voltage V and the particle velocity v is analogous to the current I.
The sound power peak Potm, is given by:
Under equation (8) can be expressed as:
Considering only effective values, we have:
To set the portion of reflected energy σ, it is assumed that this relationship is the same as the reflected power to the incident power, and that both the incident and reflected wave are given in the first half, which has , impedance with which gives: 
As the pressure of the reflected wave:
Where r is the reflection factor, then the portion of reflected energy is:
That is, the ratio of reflected energy corresponds to the square of the reflection factor.
In the management of diagnostic imaging, an important factor in design is the repetition rate of the bursts fr, which must satisfy the condition:
Where c is the speed of sound in the medium, and á . is the maximum penetration to be observed, which logically should be in the near field, this condition avoids the ambiguity of time frame, this means that before send a new cross, it should receive the echoes of the last.
It is important to observe the last value of Table No 2, which occurs in practice in the case of air from the lungs, or in the presence of intestinal gas. If the U.S. falls in an area where there is air or gas, it would reflect almost completely, causing in the region behind a sonic shadow. Precisely to avoid acoustic shadowing by the presence of air, it is necessary to be placed between the skin and the gel or paste a transducer coupling which prevents the thin layer of air between them ,it reflects most of the ultrasonic wave affecting the possibility of observation proposal. In practice there is used an aqueous gelatin gel, or mineral oil
Refraction
For refraction is valid the relationship: 
: Refractive index 1 : Incidence angle 1 : Refraction angle 1 : Speed of sound in the medium 1 1, In the interfaces of change of tissue are refractions, according to equation (21) . As the refractive index is constant (Snell's law) according to the angle of incidence, which is taken from the normal to the surface border, it will cause the angle of the beam refracted in respect to the same reference In And an incidence angle of 30°, ( 1 = 30°) can find the angle of refraction, , 2 :
Then the deviation is 32.08 °: Figure 2 . Refraction effect with the change of medium.
Attenuation (Absorption)
In a even wave with an initial intensity Io, which travels a distance x, the intensity is given by the equation
With α as the coefficient of absorption, the attenuation must be A, is defined by:
And expresses the weakening of the signal with the distance traveled, this attenuation expressed in decibels is: In image reproduction equipment using ultrasonic echoes, there are systems that increase the termoir amplification of echoes of deep structures (depth compensation), in order to get an image to compensate for the attenuation that occurs in the course of ultrasonic beam and therefore more selective [114] [115] Taking into the account that the absorption coefficient depends on the frequency and it is proportional it can be say that:
For soft tissue it has:
From the last physical considerations it can be establishes that [113] :
 There is a correlation between the speed of sound and the density of the medium of propagation of ultrasonic disruption.  In denser means propagation velocity is higher, but at the same time the attenuation is also greater.  in processing of the ultrasonic signal, especially in equipment for reproducing images by reconstructing borders from the echoes, it is necessary to enter the socalled depth compensation to counteract the attenuation received by the deep echoes according to the Equation (22) .  The increasing of frequency of the ultrasonic signal, it also contributes to the attenuation, as discussed in equation (26).
Power of resolution
The resolving power of a pulsed ultrasound system is an important parameter in ultrasonography.
There are two types of resolution, the resolution of depth or length and the cross or side.
The depth resolution refers to the ability of the system U.S. to distinguish successive obstaclespropagation direction, the resolution is determined by the length of the emitted pulses U.S. [116] , as shown in the following figure: To achieve good depth resolution, it is necessary to fill the condition < 2 thus, considering = ⁄ where pulse or burst.
So with a flurry of 2MHz, in soft tissue ( = 1.54 × 10 6 ⁄ ), for a pulse duration of 1 = 10 −6 s,, one can distinguish up to 1mm distance between tissues. Studies were performed in the spatial variation of these acoustic parameters in human skin [117] .
The transverse or lateral resolution is determined by the width of the transducer and the beam divergence angle in the far field [118] . This resolution is increased with increasing divergence.
It can be mention the following possibilities to improve the lateral resolution:
 -Decreased ultrasound transducer diameter.  -small pulse packets, this improves the two types of resolution.  -Ring-shaped oscillators instead of the whole disk.  -Targeting additional geometric through lenses that increase the divergence For example in sectorial reproduction systems is necessary to improve this type of resolution
Conclusions
Ultrasound applications according to their properties ranging from disease diagnosis of various organs through images, through fetal development to sports injuries, depending on whether they work in high or low range of frequencies. In recent years the use of U.S. as a diagnostic method has increased dramatically especially among cardiologists and radiologists [119] .
For U.S. technological development in medicine there are studies of the interaction of U.S. with different tissues allowing their identification and their interfaces with other tissues from the assessment of the resistance offered by the passage of the U.S. average (impedance), the deviation by reflection (reflection factor) or refraction (refractive index) or absorption (attenuation).
Future trends in the U.S. clinical technology, in which among others are include 3D and 4D images, palpation distance using contrast agents for image enhancement, monitoring, application fusion between diagnostics and therapeutics and the ultrasonic drug delivery [120] [121] [122] [123] , it is necessary to consider them to develop more research , in addition to the competition between imaging modalities and new uses of U.S. nonlinear is displayed not only in medicine but in other industries such as cosmetics and food [124] [125], biotechnology [126] , veterinary applications [127] and nanotechnology [128] [129] .
